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The planning profession is constantly evolving.  Plan-
ners are adept at generating novel and inventive prac-
tices in response to changing socioeconomic, political, 
legal, and ecological conditions in the communities 
they serve.  In the early days of the profession, plan-
ners experimented with city form to create healthy and 
aesthetically appealing neighborhoods.  Throughout the 
progressive era, planners expanded their repertoire to 
facilitate new modes of transportation, to accommodate 
the forces of industrialization, and to attend to larger 
public health issues.  In the mid-twentieth century, in-
novations such as planned unit developments, cluster 
zoning, subdivision exactions, and incentive zoning 
emerged to deal with fast-expanding suburbs and di-
minishing open space.  In recent years, historic pres-
ervation and habitat protection arose to combat threats 
to cultural and natural resources, while hazard mitiga-
tion, disaster management, and sophisticated flood-risk 
mapping have helped reduce vulnerability to natural 
hazards.  Regionalism, public-private partnerships, and 
special area management programs have formed to deal 
with multiple cross-jurisdictional concerns, such as air 
and water quality; affordable housing; economic de-
velopment; biodiversity; shifting demographics; mass 
transit;  and other issues that transcend local political 
boundaries.  Additionally, the advent and increasing 
reliance on Geographic Information Systems has rev-
olutionized planning in many ways, so that the visual 
display and analysis of spatial data can provide support 
for policy formation and decision-making.  Today, the 
emphasis on new urbanism, smart growth, and green 
development are contemporary planning approaches 
for enhancing quality of life.  These modern advances 
in planning are helping to create more sustainable com-
munities—communities with strong and stable econo-
mies, diverse and equitable social networks, and envi-
ronmentally sensitive and resilient hardscapes. 
Along with these advances, planners have stood at 
the forefront of many of the social changes that have 
shaped the evolution of community development and 
land management.  By remaining flexible and adaptable, 
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planners have consistently kept abreast of emerging so-
cial issues.  The planning profession’s strong tradition 
of adaptation and creativity in response to changing 
conditions uniquely positions and equips planners  to 
take on the most critical and far-reaching challenge to 
date—climate change.  
One of the most alarming effects of climate change is the 
rising sea level, a phenomenon that is already impacting 
some of our low-lying coastal communities and, in the 
next few decades, will certainly affect many towns in 
and around Eastern North Carolina. Very soon, previ-
ously appropriate methods for managing development 
will no longer be viable in these communities.  Our tra-
ditional zoning, subdivision, and regulatory approaches 
to dealing with land use and growth are simply insuffi-
cient to handle the encroaching sea.  Although scientists 
continue to disagree about the amount of sea level rise 
that is expected, there is no doubt that the process of sea 
level rise itself is real, is irreversible in the short term, 
and has unpredictable repercussions. 
The incidence of sea level rise will certainly affect 
those communities located on North Carolina’s shore-
line, but will also affect communities located far inland. 
The coastal zone of North Carolina is an integral part of 
the state, both geographically and economically.  There 
are 301 miles of coastline, and 3,375 miles of tidal 
shoreline.1  According to the 2000 US Census, 876,789 
people—10% of the state’s total population—reside in 
the 20 counties that comprise the coastal zone.  In addi-
tion, the combined property value of real estate in these 
counties is approximately $105.3 billion.2  Along with 
generating tax revenues, the North Carolina coast is also 
a leading contributor to the state’s economy and is key 
to one of its largest industries—tourism.  In 2005 alone, 
travelers spent more than $2 billion in North Carolina’s 
coastal communities.3  Of further significance are North 
Carolina’s two primary ports:  the Port of Wilmington 
in New Hanover County and Carteret County’s Port in 
Morehead City.  Together, they support nearly 85,000 
jobs and contribute almost $300 million in state and lo-
cal tax revenue. These ports also play a vital role in in-
ternational commerce, managing over 5.4 million tons 
of cargo each year.4  
As more and more people move to the state’s coastal 
areas, a larger share of property, economic security, and 
natural resources are at risk as the ocean rises.  It is 
imperative that coming generations of planners educate 
themselves about the physical processes at work in the 
rising sea.  The scientific data and research on global 
warming and sea level rise must serve as the basis for 
new directions in planning, directions that forge the 
necessary linkages between hard science and policy to 
effect change at the community level. 
Sea Level Rise is Gradual, but Accelerating
According to the World Meteorological Organization 
and the United Nations Intergovernmental Panel on Cli-
mate Change (IPCC), there is direct and unequivocal 
evidence that global warming and climate change are 
occurring, that this warming effect is causing seawa-
ter to expand and glaciers and polar caps to melt, and 
that these effects are contributing directly to sea level 
rise.5  In comparison to other disasters that affect the 
coastal zone, such as nor’easters, hurricanes, and tropi-
cal storms, the time horizon of sea level rise is much 
more gradual.  The impacts of a hurricane are experi-
enced immediately, whereas the effects of sea level rise 
are realized only over the course of many years, even 
decades.  Eventually, however, climate-change induced 
sea level rise will certainly impact all low-lying coastal 
areas in the nation and the world.  Even if sea level in 
the future rises at only the present rate—rather than at 
the accelerating rate that the IPCC and other scientists 
have documented6—the world’s coastal areas will face 
severe and devastating costs, especially in light of the 
rapid economic development and population expansion 
occurring in these regions.  Although these social and 
climatic trends were set in motion long ago, the mo-
mentum leading to a collision between these factors is 
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quickly building.  
The Impacts of Climate Change and Sea Level Rise
While all areas of the earth are progressively affected 
by global warming, coastal zones are particularly vul-
nerable to climate variability.  One key concern associ-
ated with a rising sea level involves the loss of land as 
wetlands and other low-lying areas are inundated.  Spe-
cifically, a two foot rise in sea level would eliminate ap-
proximately 10,000 square miles of land in the United 
States, an area roughly equal to the combined size of 
Massachusetts and Delaware.7  In North Carolina alone, 
approximately 4.8% of the state’s land (about 2,356 
square miles) lies less than five feet above sea level,8 a 
dramatically low elevation considering the anticipated 
rate of sea level rise.  An additional concern for many 
coastal communities is erosion of beaches and dunes. 
Sea level rise will accelerate erosion rates precipitously, 
resulting in increased levels of property damage along 
ocean and estuarine shorelines.
In addition to the immediate concerns of inundation 
and erosion, sea level rise is expected to produce other 
effects in coastal locations, including the following: 
changing offshore currents; greater wave velocity; salt-
water intrusion into aquifers and surface waters; higher 
water tables; and intensification of flooding.  These 
physical effects could result in a wide range of negative 
impacts, such as increased salinity and sedimentation in 
rivers, bays, and estuaries; loss of habitat for a variety of 
estuarine and coastal species; more frequent barrier is-
land wash-over; and the collapse of some barrier island 
segments.  These ecological and environmental condi-
tions have severe implications for human settlements, 
including impairment of drinking water supplies; loss 
of agricultural land; and exacerbated property losses 
due to flooding and storm damage.  
Sea level rise will also negatively impact many types of 
urban infrastructure and facilities, such as buried utility 
lines; municipal storm and sanitary sewers; water and 
sewage treatment plants; landfills and hazardous waste 
facilities; transportation systems; and coastal naviga-
tion and harbor improvements.  Additionally, issues in-
volving private property ownership and public access 
to beaches and waterways will arise as the land itself 
changes in form, irrespective of jurisdictional boundar-
ies or property lines.  Collectively, these direct impacts 
of sea level rise will generate a multitude of associated 
economic and social problems.  
Coastal Storms and Related Hazards
Local communities will experience many of the conse-
quences of climate change and rising sea levels over an 
extended length of time.  One of the most devastating 
impacts, however, may occur episodically in the form 
of increased vulnerability to coastal storms. Observa-
tional evidence indicates that tropical cyclonic storms 
are increasing in both number and intensity, subjecting 
coastal areas to more frequent and damaging hurricanes 
and other coastal hazards.9  
As the intensity of tropical storms increases, the dangers 
related to these storms will also increase, including the 
potential for higher wind speeds and elevated flood lev-
els.  Among the most destructive perils associated with 
hurricanes and other cylonic activity is storm surge, 
described as a rise in the water surface above normal 
water levels on the open coast due to the action of wind 
stress and atmospheric pressure.  With sea level rise, 
the storm surge will generate from an elevated base of 
water, causing even stronger wave action when storms 
make landfall.  The increased rates of coastal erosion 
caused by sea level rise will further exacerbate vulner-
ability to storms, as natural barriers formed by beaches 
and dunes are weakened and removed.  
It is worth noting that not all of the devastating effects 
of these storms are attributable solely to climate change; 
increased development has also served to intensify so-
cial and economic vulnerability to tropical storms.   The 
Sixth International Workshop on Tropical Cyclones 
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of the World Meteorological Organization (November 
2006) points out that the recent increase in societal im-
pact from tropical cyclones is due to the fact that more 
people and more infrastructure are located in coastal 
regions than ever before.10  It is this increased expo-
sure that has lead to mounting disaster losses world-
wide, particularly in the United States.  Furthermore, 
it has long been recognized that hurricanes and tropical 
storms occur in multi-decadal patterns of frequency, and 
that we are currently in a more “active” phase of such a 
cycle.  Based on historical records alone, the high levels 
of hurricane activity and US landfalls will remain for 
the next decade and beyond, since the previous active 
period (1945-1970) lasted at least 25 years.  Warming 
trends suggest more intense hurricanes, as increasing 
surface temperatures provide the necessary supply of 
energy for storm intensification, and although there is 
not clear consensus, many meteorologists predict that 
the current active period of hurricanes will persist into 
the future.11 
These predictions have dire implications for North 
Carolina, which has a long and compelling history of 
storm damage.  The last hurricane to hit North Carolina 
directly was Isabel, a Category 2 hurricane that made 
landfall along North Carolina’s Outer Banks on Sep-
tember 18, 2003.  Isabel’s fierce winds and 8-foot storm 
surge caused 17 deaths and over $3 billion in damage, 
in one of the most significant hurricanes to affect North 
Carolina and Virginia since Hurricane Hazel in 1954.12 
In 1999, Hurricane Floyd—a Category 2 hurricane—hit 
Cape Fear, driving a 10-foot storm surge, killing a to-
tal of 56 people, and causing more than $6 billion in 
damage.13  Most of the deaths and property loss were 
due to severe flooding from rain, much of it in areas 
far inland from the coast.  As these historical accounts 
attest, the North Carolina coastal region is extremely 
vulnerable to hurricane damage, and as growth in the 
region continues unabated, greater numbers of people 
and property will be exposed to future coastal storms 
and their effects.
A Call to Action
It is clear that global climate change and rising sea 
levels are a reality.  While debate continues over par-
ticular aspects—the rate of change, the percentage of 
change that can be conclusively attributed to anthro-
pogenic factors, the mitigating effects of concurrent 
natural processes, and other points of disputation—few 
people suggest that the world should refrain from tak-
ing action as these changes take place.  As emphasized 
in consecutive IPCC reports, the projected rise in sea 
level warrants urgent policy responses in most coastal 
regions.14  It is imperative that such actions focus on 
human safety and on sustainable development of coast-
al resources.  Even though sea level rise is predicted 
to be a relatively gradual phenomenon, adaptive strate-
gies may require significant lead time to tailor them to 
the unique physical, social, economic, environmental, 
and cultural circumstances of a particular coastal area. 
Property owners and federal, state, and local govern-
ments are already starting to take measures to prepare 
for the consequences of the rising sea level, but it is es-
sential that we not hesitate in our response to the chang-
ing conditions ahead while debating the minutia of the 
phenomenon itself.
Responses to Sea Level Rise
Broadly speaking, the policy responses required to pro-
tect human life and property from sea level rise fall into 
three categories:  retreat, accommodation, and protec-
tion.  Within each of these general types of approach, 
various methods to deal with the hazards associated 
with sea level rise are available, each with its attendant 
merits and drawbacks.  The appropriate mechanism for 
implementation depends on the particular response cho-
sen and the conditions of the area at risk. 
Response 1: Retreat
The first policy response to sea level rise—retreat—in-
volves no effort to protect the land from the sea.  Instead, 
the coastal zone is abandoned and human settlement and 
other ecosystems shift landward.  In an extreme case, 
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an entire area may be deserted.  As a practical strategy, 
wholesale retreat is unlikely to be chosen in American 
communities, especially in coastal areas that have been 
intensely developed and where significant investment 
has been made.  This method may, however, be appro-
priate for individual islands or undeveloped or sparsely 
developed stretches of coastline that are are experienc-
ing sea level rise.  Less dramatic versions of the retreat 
method may hold some promise for coastal communi-
ties that wish to remain intact and have adequate “grow-
ing room” to expand.
In the case of barrier islands, retreat may be more po-
litically feasible if accompanied by the creation of 
new land through filling the bay side as the ocean side 
erodes.  This response would essentially imitate the 
natural “overwash” process by which undeveloped bar-
rier islands migrate landward as sea level rises.  Re-
gardless of whether new land is being created, retreat 
can be implemented by deliberate policy approaches, 
including:  physically moving structures back in antici-
pation of erosion; not building in areas likely to erode; 
and not rebuilding if a storm destroys a structure.  Land 
use planning measures such as these, rather than tech-
nological innovations, tend to be the primary tools of 
communities attempting to facilitate a retreat.  
Several states have adopted policies to ensure that 
beaches, dunes, and wetlands are able to migrate inland 
as sea level rises.  Under the North Carolina Coastal 
Area Management Act (CAMA), regulations prohibit 
the construction of new buildings in areas likely to be 
eroded in the next 30 to 60 years.  For most single-fam-
ily homes, regardless of size, the minimum setback is 
60 feet.  While these setback rules keep new develop-
ment away from areas currently identified as erosion 
hazard zones, the methodology used to establish set-
back lines is inadequate to manage land uses in areas 
vulnerable to accelerated sea level rise.  Few setback 
regulations are based on predictions of future erosion; 
rather, setback lines are established based on average 
rates of past shoreline change using data compiled over 
the last 50 years or so.  Although erosion maps in North 
Carolina are updated every five years, rising sea levels 
may cause the maps to become out of date much more 
rapidly, putting oceanfront structures at risk before the 
lifespan of the buildings expires.  Furthermore, as the 
sea continues to rise, the shoreline will eventually re-
treat back to the point where any setback is established, 
unless the setback lines were moved extremely far, be-
yond the land currently at risk or that will be at risk in 
the foreseeable future.
The most effective method of achieving a retreat policy 
to deal with sea level rise is the public acquisition of 
coastal lands in danger of inundation.  Acquisition—the 
purchase of private property and transfer of owner-
ship to a unit of government or a nonprofit conserva-
tion organization—is used widely for hazard mitigation 
purposes, especially as a means to remove people and 
property from repetitive flood loss areas.  These in-
stances of acquisition as a mitigation tactic, however, 
focus on individual structures or groups of structures 
located in known flood risk areas.  The scale required 
to protect the amount of land predicted to be inundated 
by rising sea level is immense, and extends well be-
yond the acquisition of individual structures.  It would 
be prohibitively expensive and politically very difficult 
to purchase a land area the size of Massachusetts, es-
pecially considering the high property value of land 
located in prime coastal locations.  Smaller purchases, 
however, may allow selected areas to retreat from the 
sea, and may be effective if such acquisitions target es-
pecially vulnerable or ecologically significant habitats 
and ecosystem areas at imminent risk of flooding.
Response 2: Accommodation
The second type of response to sea level change is ac-
commodation, in which people continue to use the land 
at risk, but do not attempt to prevent the land from being 
flooded.  In developed areas, this option includes modi-
fying existing structures to withstand expected flood 
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levels, but prohibiting new construction.  In rural ar-
eas, accommodation may involve converting traditional 
farming practices to aquaculture, or growing flood or 
salt tolerant crops. 
Many coastal communities require that structures built 
in known flood hazard areas be elevated above the ex-
pected flood heights.  This technique and other flood 
mitigation construction methods can help prevent most 
or some of the damage associated with rising water lev-
els; it is most applicable to existing structures that can-
not easily be relocated or when alternative sites for re-
location are not available.  Drawbacks associated with 
property modification include the fact that there is a 
technical limit to what a structure can withstand.  Even 
with the most rigorous construction standards and latest 
building materials and techniques, structures built in the 
coastal zone cannot tolerate the impacts of coastal ero-
sion, flooding, wind, and storms over extended lengths 
of time.  Eventually the land beneath the structures will 
be deep under water, and no amount of first floor eleva-
tion can lift the building high enough for human habita-
tion.  There may also be challenges related to providing 
the critical infrastructure required to maintain habitabil-
ity:  water, sewer, and power lines are often affected by 
flooding before a structure itself is damaged to the point 
it must be vacated. 
The accommodation tactic requires substantial pre-
cautions to ensure public safety and prevent excessive 
property damage during the time the land is occupied. 
Building codes must incorporate high standards for 
construction that reflect the hazard perils anticipated in 
the area.  Insurance or other fiscal mechanisms must 
be available to consistently and adequately compensate 
property owners for losses from flooding and storm 
damage, so residents can relocate elsewhere when the 
time comes.  Emergency shelters and effective evacua-
tion plans must be in place to protect residents and visi-
tors from hurricanes and other coastal storms.  These 
precautions must be accompanied by well-crafted an-
ticipatory land use regulations that effectively prevent 
new development when structures are damaged beyond 
repair by storms or erosion.
Some coastal states have implemented “rolling ease-
ments” as a method of accommodating sea level rise 
while protecting private property rights.  Rolling ease-
ments allow property owners to develop their land, but 
only on the condition that they will remove the structure 
if and when it is threatened by an advancing shoreline; 
in effect, this prohibits owners from holding back the 
advance of the sea, and requires them to respect the 
ocean’s progression inland.  Eventually, the area will 
return to its natural state. 
In contrast to setbacks, rolling easements do not involve 
drawing an exact line in the sand along the shore.  In-
stead, the landowner may use the property up to the time 
the land succumbs to erosion.  Enforcement of rolling 
easements, however, can be problematic, and there may 
be complex legal ramifications involving shifting own-
ership patterns, changing property values, and questions 
of compensation owed to “dispossessed” landowners 
whose property is effectively confiscated by the sea.  A 
program of management that combines implementation 
of rolling easements along with density regulations and 
setback requirements may increase the feasibility of an 
accommodation approach to sea level rise. 
Response 3: Protection
The third response to encroaching sea levels—protec-
tion—employs hard mitigation structures that are de-
signed and constructed by engineers, along with soft so-
lutions such as dunes and vegetation to protect the land 
from the sea so that existing land uses can continue. 
Hard mitigation structures, including dikes, seawalls, 
and bulkheads, protect the shore by forming an artificial 
barrier between water and land.  Although the presence 
of the structures leaves the dry upland relatively unaf-
fected, the constant action of wind, waves and currents 
eventually eliminates the intervening beach, wetlands, 
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and other inter-tidal zones.  Under the hard protection 
option, a significant proportion of coastal and estuarine 
ecosystems would be lost, especially if the structures 
block their landward migration as the sea advances. 
While temporarily holding back the sea, hard structures 
may have other unintended consequences, as they dis-
turb natural sand-water cycles and can influence banks, 
channels, beach profiles, sediment deposits and mor-
phology of the coastal zone.  Changes wrought in the 
ecosystem may be experienced locally, or the structures 
may impact coastal areas at some distance from the 
structure itself.  In recognition of the serious drawbacks 
associated with hard erosion control structures, some 
states, including North Carolina, prohibit their erection 
on oceanfront beaches. 
When used at all, protective structures should be de-
signed to avoid adverse environmental impacts to the 
greatest degree possible.  For instance, artificial reefs 
can create new habitats for marine species, and dams can 
avert saltwater intrusion, though sometimes at the cost 
of negative environmental impacts elsewhere.  When 
hard structures are built along the bayshore, there are 
ways to minimize some of the adverse impacts, such as 
the “living shorelines” approach.  “Living shorelines” 
use the strategic placement of plants, stone, sand fill, 
and other structural and organic materials, allowing nat-
ural coastal processes to remain intact and active.  This 
mitigation method can be effective in protecting prop-
erty from erosion when designed and built to address 
the site’s specific issues and dynamics.  The concept 
was developed and embraced in the Chesapeake Bay 
area, and is now used in other coastal states including 
North Carolina and Virginia. 
In addition to the construction of hard structures to 
block the progression of sea level rise, the protec-
tion approach also includes “soft solutions” designed 
to shield existing land uses from higher water eleva-
tions.  Such tactics include the planting of vegetation, 
the erection of sand fences, and the construction of sand 
dunes along the shoreline to serve as a defense against 
waves and tidal movement of the ocean.  Soft protec-
tion measures also encompass beach nourishment proj-
ects, where sand is delivered to replenish sand that is 
lost due to seasonal erosion.  Along the ocean coastline, 
most coastal states work with the US Army Corps of 
Engineers to place sand on their beaches to counteract 
shore erosion.  Less common is nourishment of bayside 
beaches, although it has been in practice in New Jer-
sey, Delaware, and Mississippi for some time.  By peri-
odically pumping sand onto beaches, communities can 
stop the shore from eroding and can continue to enjoy 
their recreational beaches.  There are serious limitations 
to ongoing beach nourishment, however, not the least 
of which is the large expense involved in continuously 
replenishing sand in areas experiencing large-scale ero-
sion.  In addition, nourished beaches tend to erode more 
quickly than natural beaches, and the process of sand 
mining for supplies of fill sand can disrupt the dynam-
ics of other natural sand cycles while simultaneously 
changing the morphology of offshore sand banks.
Along with raising beaches through sand nourishment 
programs, it is also possible to elevate wetlands by en-
hancing the natural accretion process, or, if this fails, 
simply rebuilding the wetlands in locations where they 
have been lost.  The technology for elevating wetlands 
is complex and expensive, however, and past experi-
ence indicates that engineered wetlands function less 
effectively than natural ones. 
The Planner’s Toolbox
The vast majority of tools and techniques listed under 
each of the retreat, accommodation, and protection 
approaches to sea level rise are not new to planners 
and coastal managers.  These strategies have been in 
place for some time to combat coastal hazards and to 
minimize the effects of erosion on ocean and estuarine 
shorelines.  Though the federal government uses many 
of these tools to protect existing property and shield fu-
ture land uses from the effects of sea level rise, a large 
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share of the responsibility also falls to state and local 
governments. 
The local government can play an especially critical 
role in preventing development in areas vulnerable to 
accelerated rates of erosion, and in requiring that struc-
tures are designed to withstand the impacts of coastal 
hazards.  Retreat can be put in motion through antici-
patory land use regulations, building codes, and eco-
nomic incentives.  Accommodation may evolve with-
out government intervention, but could be facilitated by 
strengthening flood prevention, emergency prepared-
ness capabilities, and public awareness and education 
programs.  Protection can be implemented by enhanc-
ing the natural mitigation functions of coastal resources 
while safeguarding the built environment.  Many of the 
available solutions are appropriately put in place by 
professional planners at the community level.  The local 
planner’s task is most effectively undertaken through 
partnerships with others involved in coastal land use 
and development, including resource managers; in-
surance providers; regulators; engineers and builders; 
emergency managers; property owners; and state and 
federal agencies.  Each of these partners brings a differ-
ent perspective and plays a different role in dealing with 
rising sea levels, and together, these partners can cre-
ate a holistic approach to meet the community’s unique 
mitigation needs.
Choosing the Right Tool
There is no one-size-fits-all planning method for ad-
dressing sea level rise.  A uniform approach is impracti-
cal because of numerous factors, including disparities 
in coastal topography; development patterns; economic 
status; community capabilities; percentage of private 
land ownership; growth pressures; extent of build-out; 
locally-distinct climatic features; and other variables. 
Not only will individual localities experience sea level 
rise in different ways, the process will eventually im-
pact vast areas of land, causing changes to entire re-
gions along the ocean shoreline and even further inland 
to areas not generally considered part of the “coastal 
zone.”  The far-reaching scope of sea level rise warrants 
a broad approach to dealing with its consequence—an 
approach that encompasses the gamut of possible im-
pacts while recognizing the significance of site-specific 
distinctions. 
The extent of this challenge is best met by management 
undertaken on a regional scale.  To be truly effective, 
the boundaries of the region must not be set accord-
ing to the arbitrary borders of political jurisdictions, but 
instead should be aligned with the dominant ecological 
and biological processes that shape the environment. 
These environmental components are appropriately de-
lineated by river basin, a unit of hydrology that encom-
passes the natural ecosystems within it and accounts 
for the interrelatedness of water movement through the 
earth’s hydrological cycle.  By managing land use and 
development at the river basin scale, planners can focus 
on many of the factors associated with sea level rise 
while addressing the region’s overall sustainability. 
Choosing the Time to Act
As we have noted, the approaches described here for 
combating the impacts of sea level rise are familiar to 
those already involved in resource management and 
coastal protection.  What is new is the increased sense 
of urgency surrounding the issue of shoreline depletion 
as sea level rise accelerates and exacerbates many of the 
hazards currently experienced in coastal communities. 
It is vital for coastal communities to begin adapting to 
sea level rise—not because there is an impending catas-
trophe, but because there are opportunities to avoid ad-
verse impacts by acting now, opportunities that may be 
lost if the process is delayed.  Uncertainties regarding 
future climate change do not imply that waiting for bet-
ter predictions is the most prudent strategy.  There is no 
guarantee that accurate climate projections will be pos-
sible when they are needed.  Moreover, some measures 
may have potential benefits so far in excess of their 
costs as to be warranted in spite of current uncertainties. 
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These measures are also consistent with good coastal 
zone management practices irrespective of whether or 
not climate change occurs.
The consequences of sea level rise are far too grave for 
us to surrender without action.  Until now, it has been 
presumed that risks from storms and beach erosion will 
remain static and that government responses to the risks 
will continue unchanged.  Yet, as sea level rise becomes 
ever more imminent, this supposition becomes less le-
gitimate.  It is important to recognize that today’s deci-
sions on planning for coastal development will greatly 
influence the costs of later adaptation to impacts of 
sea level rise.  Venice, Shanghai, New Orleans, and 
Lagos—cities that are already experiencing dramatic 
subsidence and flooding—are all vulnerable because of 
decisions made 200 to 2,000 years ago.  It is therefore 
necessary to establish some immediate priorities for the 
planning and management of coastal resources, keeping 
the increasing heights of the ocean at the forefront of 
the planning process.  
As the sea progresses landward, local governments will 
be faced with tough decisions regarding existing land 
uses and the future state of their oceanfront and estua-
rine shorelines; when the sea creeps inward and laps 
at the door, it will be too late.  If sea level rise is not 
adequately addressed, erosion may rob coastal com-
munities of their recreational beaches, mounting storm 
waves will demolish oceanfront homes, flooding will 
engulf wetlands and coastal marshes, saltwater will 
contaminate aquifers and surface waters, and a whole 
host of economic, social, and environmental problems 
will prevail.  We are now at the juncture where we must 
follow new directions, or our coastal communities may 
drown. 
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(March 2005). Population Trends Along the Coastal United 
States: 1980-2008. 
3 TEIM Travel Industry Association. (2005). “Impact of 
Domestic Travel on North Carolina Counties 2004.”
4 North Carolina Ports: Driving Prosperity Statewide. Re-
trieved from www.ncports.com on February 12, 2007.
5 United Nations Intergovernmental Panel on Climate 
Change. (Feb. 2007). Climate Change 2007: The Physical 
Science Basis, Summary for Policymakers. Geneva, Swit-
zerland: IPCC. 
6 Ibid.
7 Park, Richard A., et al. (1989). “The Effects of Sea Level 
Rise on U.S. Coastal Wetlands.” In The Potential Effects of 
Global Climate Change on the United States. Report to Con-
gress. Appendix B: Sea Level Rise. 1989. Washington, D.C.: 
US Environmental Protection Agency. EPA 230-05-89-052.
8 US Environmental Protection Agency. Maps of Lands 
Vulnerable to Sea Level Rise. Retrieved from www.epa.gov 
on February 13, 2007.
9 The 2007 IPCC report summarizes data showing an 
increase of intense tropical cyclone activity in the North At-
lantic since about 1970, correlated with increases of tropical 
sea surface temperatures. United Nations Intergovernmental 
Panel on Climate Change, supra, note 5.
10 World Meteorological Organization. (Nov. 2006). Pro-
ceedings of the Sixth International Workshop on Tropical 
Cyclones of the World Meteorological Organization, Nov. 
21-30, 2006. San Jose, Costa Rica: IWTC-VI.
11 The IPCC report indicates that it is likely this trend will 
continue, and that increased warming of sea surface tem-
peratures will result in increases in storm activity. Ibid.    
12 National Hurricane Center, National Oceanic and Atmo-
spheric Administration. Retrieved from www.nhc.noaa.gov 
on February 12, 2007.
13 Ibid.
14 In 1990, the IPCC issued the first survey on a global 
scale of the physical science basis of climate change and 
set forth recommendations for adaptive options for coastal 
areas.  Since that time, the IPCC has issued several more 
26 Brower and Schwab
reports, each building on the work of scientists and analysts 
before, and each reporting with a growing sense of certainty 
on the evidence of significant climatic changes taking place 
around the world.  See, e.g., United Nations Intergovern-
mental Panel on Climate Change, Response Strategies 
Working Group. (1990). Report of the Coastal Zone Man-
agement Subgroup: Strategies for Adaptation to Sea Level 
Rise. Geneva, Switzerland: IPCC.
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